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Improvements in or relating to Heat Exchangers 

We^NV PraUPSGiJOEnAMPENFABRiEKEM, the plates, in which the fiKther ducts aie 
n^^rr^^^ and foimed by pio ections on the plates m ^the 
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a liniited liatriHty company, organized and 
established under ihe laws of the Kingdom 
of the Netherlands, of Emmastngd 29, Emdr 
hoven, Holland, do hereby da:laie the inven- 
tion, for which we pray that a patent may 
be granted to ns, and Ac mediod by whKj it 
is to be performed, to be partckilarly described 
in and by the following statement:— 

This invention relates to heat exchanges 
comprising an annnlar main chamber formed 
between substantially cylindrical inner and 
outer walls in which chamber two media arc 
kept separated and are in heat exrfianging 
contact, and to hot-gas rcdprocatmg apparatus 
embodying such heat exchangers. Known 
heat exchangers of this kind have a liinitatioa 
in that they must be surrounded by insulat- 
ing jackets which occupy a comparatively large 
amoimt of sjwce so tmt they become com- 
paj^tivdy bulky. In addition, the manufacture 
of a known heat exchanger consisting of mbcs 
is complex since the tubes must be cannwrtai 
to supply and discharge ducts for Ae media 
with a high degree of accuracy. 

Acaxrding to the invention there is providol 
a heat exchanger conqndsing an anniuar naain 
chamber formed between sobscmtially cylinr 
drical inner and outer walls and houang 
identical closcly-spaccd metal plates ea<^ 
extending sobstantially throngjiom the len^ 
of the mam chamber having overlapping ot- 
set end portiinis eadi secured at one end to 
the inner wall and at die other end to Ac 
outer wsdl, supply and discharge ducts for 
media cxtcndii^ in the lon^tudinal direction 
of the main , chamber being foniKd betwem 
the overlapping off-set end portions of ttc 
plates adjacent the inner wall at one end the 
plates and between the overlapping off-set 
end porti<ms adjacent the outer wall at the 
other end of the plates, media in further ducts 
formed between portions of the plates inter- 
mediate the end^ portions bemg in hwt 
^rh^nfnn^ cQutact with ooc anothcT throni^ 



formed by projections on the plates m the 
form of ribs which extend substantially at right 
an^es to the longitudmal dkection of the 
supply and'discharge ducts; 

The media may be liquids and /or gases . 
An advantage of this constructiwi consists 
in that the heat exchanger need not necessarily 
be provided with ah outer insulatmg jacket. 
Furdiennoic- the construction and manufac- 
ture of the heat exchanger according to the 
invention is simpler tiban is the case with a 
known heat eaochanger of this typ€^ because 
use is made of a ninnber of idcatical plates 
which by their shapes and mutual disposition 
consdtute not only the heat exchanging ducts 
but also the supply and disdiargc ducts for 
the media. In mass manufacture of identical 
heat eKhang^s use can be made of sheet 
material whidi is cut to the same sizes and 
sul^ectcd to. a bending operation such that 
the plates obtained all have the xeqnired shape. 
The bent plates arc then momtcd in an 
assembling jig and cpnncct^i to one another 
at the required points, fox example by sp<^ 
welding or solderingw The projections with 
which the plates are provided and which serve 
to space the plates apart by the required d^ 
tances can be formed in sheet material by roU- 
ing during die abovMncntioned bendmg 
operation. . ' - ^ 

Li a cross-section of the heat exchanger 
taken at right an^ to the longimdinal direc- 
tion of the mam chamber 4e intermediate 
portion of each plate may extend substantially 
at ndit angles to radii of die mner and outer 
waBs. The advantage is thus obtained diat 
the ducts in which the media are in heat 
contact, with one another, can be 
made much longer Aan if the intermethate 
portions extend substantially radially. In^di- 
Son die plates acdording to the invention have 
the important advantage that, wit hout the 
plates having to be larovided widi compara- 
complicated lon^dmal profiles, a heat- 
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exchanger, when provided with an intemal 
combusaon chamber and made in» from such 
plates has the property that its imjcr parts 
are comparativdy flexible with xespe^ to 

5 die outer parts so that throu^ a compara- 
tively OToalJ radial distance temperature differ- 
ences of a few hundreds of degrees Centigrade 
can oomr imthont giving rise, in the opcra- 

1ft ^ , heat exchanger, to impermissible 

10 thermal stresses in the material 



The intermediate portions of each plate nay 
be shaped substantiattjr according to an AkM- 
inedian spiral. The advantage is thus obtained 
that Ae cross-sectional area of each duct 
15 formed between the intermediate portions of 
plates IS snbstantialfy constant direndioat fts 
length. 

^ Hereinbefore it is described Aat at die 
mi^ and outer citcmnferences of the heat 
^ jacdiangcr, owing to die provision of the over- 
lapping ofifeet end portions of die plates, ducts 
are pnxAiced wbacb serve as supply and dis- 
charge Aicts for die media. As a rule, die 

beat emhanger fe used so that die supply and 
» the disdi^ of each of the media to and 

*^ d°<^ tate place at 

different ends of die heat Changer. 
This may invohre diat bodi adjacent die 
mner and adjacent the outer walk of die 

•w heat e^anger at both ends orifices leading 
to or from the ducts are alternately opaam 
closed. Each end face of die heat CKhanger 
may be provided widi at least one substan- 
> tiaUy flat rmg which is diq>osed over orifices 

J3 ieadmg to or from die supply and discharge 
duct^ alternate orifices being open and dos^ 
by alternate apertures or solid parts In die 
img r«pectively. Such rings can be simply 
made from sheet metai 1^ punching. 

The metal plates laay comprise shea 
material provided wtdi fold Imes at die 
otremities of the intermediate portion of each 
Itote, an adjoaiing bent portion and/or an 

_ adjommg end portion diverging or ranvcrg- 

«» ing so diat die supply and discharge dnm 
at fte mner and/or enter walls of the heat 

eaaianger are alternately closed at ddier end 
lace of the heat exchanger. 

'en .^ h^ exchanger m accordance wih the 
ya wention Bpartradarly suited for use hi can- 
bmatton with a hot-gas redprocatihg appa- 
ratus. The term "hot-gas xedprocai^g 
apparatus " is to be understood to mean aS 
apparatus in a closed chamber of which a 
mednmi » altcmatdy compiessed and 
e ^nd ed by the niov^inent of pistons. This 
craiptessiai and ej^pansioo tafe place at 
different tempetatores. If 4e hot-gas redpro- 
catmg apparatus is a hot-gas engm^ die com- 
w pressiwi takes ^lace at die lowest temperature 
and the eq>ansion at die highest temperature, 
die e^e bemg provided with a source 5 
n«t for supplying diermal energy to the 
medium at a comparativdy higjh temperature. 



■niis heat source is Igiited in a combustion m 

^^ber, die heat exchanger in accSt« 
widi die mvenoon bemg advantageously used 
as a combustion air preheater in which die 
rahaust gases heat die combustion air suppBed 
to the burner. When so used die heat 70 
exchanger m accordance widi die mventionS 
particular^ advantageous since it is <Wbfc 
^expandmg at die imier waU whikthe SSa 
wan substantially retains its mitial diamna 
Jnqjite of die large temperature d^^ 75 
between die mner and outer walls of itew 
^hanger. Furthermore die outer waU of 4e 
beat crchanger need not be surround^ bv 
M msulatmg packet. L, die known con^c- 
fims this jacfeet frequcndy has an 80 
t^Z «f suchlfee 4t Te dS! 

mce by whK* other madimes or engteS 
must be spaced apart from die engine Iridi 
heat exchanger is aSe^is 
detranmed by diis cuter diameter and not 85 
» ^ » ^test transverse dimension of said 
a^aated aigme. Ih a hot^ r«dprocatine 
•snginc eqmpped widi a hSt exch^S" m 
ao^dance with die invention, die outa dia- 
maer of die latter is not of importance. 90 

In_order diat die invention may readily be 
^tcd out. mb:^ents diereof win no^ be 
described with reference to die accompanyine 
dia^ammaac dravrings, in which:— 

Figure 1 shows a ooss sectional view in 95 
M the invennon which endbses a cont- 
wiA die mventKm which eadoses a con- 
bustion chamber for heatmg die head of a - — 
not-gas enguMt, die cross sections of the 
sqwrate, plates of die heat ea±aneer hdae 100 
omitted.for die sake of smipKd^^ ^ 
■ Figure 2 is a plan view of the heat exchanger 
SS^-"* ^'g™« I in which diree plates txc 

Figure 3 is a perq»ative view on an 105 
enlarged scale of die ends «f three adjacent 
plates as used m the heat exdiangcr and also 
the rdanve disposidoa of the plates; 

FiHire 4 is a perqiectivB view of a sKghdy 
modified profile for the plates used in die 110 
heat oaJianger jii accoidance widi die mvcn- 
txm, »id 

^^"F 5 is a view cf the inside of a 
iE»d^ embodiment of the heat exchanger in 
MCQt^ce with die ihvemioa in whidvfold 115 
imes between nteimediate portians;, bent por- 

wSf the edge parts 

hemg omitted. 

la Figure 1^ a head of a hot-gas redpro- 
cadng ei^e endoses a hot spats la, the 120 
vdime of which is periodicaDy changed due 
to the movement of a jaston-shaped body 2 
whidi acts as a displacer. Tfe upper wall 
« die head 1 comprises a phirali^ of apcr- 
tares 3 arranged cm a drde or drdes, ancles 125 
of a substantially hairpin-shaped heating tube 
4 bemg connected to each aperture. The o±er 
end of each heating tube 4 extends along 
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the side surface of the head 1 and is con- 
nected to an annular regenerator 5 encircling 
the head 1. For the sake of clarity only two 
heating , tubes 4 with the associated apertures 

,5 in the head are shown. 

The medium of the hot-gas reciprocating 
engine which must be heated, flows thiougb 
. the heating tubes 4. . As will hz seen from 
Figure Ij Sie heating tubes 4 stirround a sub- 

10 stantially cylindrical chamber 6 \diich is the 
combustion chaooiber of die reciprocating 
engine. At the upper end 7 of this chamber 
provision is made of a number of burners B 
which direct their flames 9 to the centre of 

15 the combustion chamber to provide a turbulent 
gas flow. Throu^ a pipe 10 liquid fuel 
is si^pUed, to the ^ device and subsequently 
■ broken up into a fine mist in an atomizer 11 ' 
by means, of a medium under pressure which 

20 is supplied thiou^ a pipe 12. The atomised 
fud IS supplied to a chamber 13> which is 
dosed at ue upper side by a domed body 14 
and is bounded at the lower side hf the upper 
surface 7 of die combusdon chamber, and 

25 mixed in diis space with the primary com- 
bustion ak indicated by the arrows !, lliroiigh 
slits lib formed in^a ^eeve 11a this aur can 
enter die chamber 13. Then the fuel is mixed 
in die burners 8: with secondary combustion 

30 air indicated by the arrows 11 and produces 
the flames reqinri^ to heat the medium. The 
igniting means are not shown. 

The circle of heating tubes 4 is surrounded 
at the outade by a heat exchanger 15 in 

35 accordance with tlie invention. In the emb6di- 
mcnt shown, this heat exchanger is supported 
, by an .smuular body 16 made of refractory 
material and in turn supports a domed body 

/ . 44 which is also made of rd&actory material. 

40 A first conkruction of this heat exchanger 
. will now be described more fully with refer- 
ence. to Figures 2 and 3. 

In Figure 2, a chamber 17 within the heat 
exchanger corresponds to the chamber 6 shown 

45,, in Figure 1. The inner and outer cdrcmn- 
f erences of the heat exchanger comprise walls 
18 arid J9 re^cctively- As will be seen from 
. ' Figinre 2, the chamber between the walls 18 
■ and 19 houses a number of plates, dnree of 

;50 which are shown in Figure 2 in full length, 
extending from the inner wall 18 to the outer . 
wadl 19. Li Hgure 3 those parts of the same 
places 20, 21 and 22 which lie closest to the 
. uner wall 18. of the heat exdiangcr, are 

. 55 ^own to an enlarged scalt in a perspective 
view. Each plate comprises an intermediate 
portion 20«, 21*^ and 22*, respectively, whidi 
here extends substantially at right ang^ to 
radfi of the iralb 18 and 19 aiKl is shaped in . 

60 the form of an Archimedean spiraL By way of 
fold lines the intermediate portions 20^, 21' 
• , and 2^ merge through bends 2tf*, 21* and 22* 
into portions 20*, 21* and 22", respectively. 
Through bends 20", 21* and 22* which extend 

65 paralld to one another and also to the above* 



mendoned sets of bends 20^, 21** and 22^ 
these latter portions terminate in edge por- 
tions 20*, 21'* and 22" respectively, which parts 
extend along the inner wall 18 of the heat 
^exchanger. As can be seen from Figure 3, 
the intermediate' portions of the plates are 
provided with ribs 23 formed by rolling, 
which iin the embodiment shown in Figure 3 
protrude to the rear- throu^ a distance which 
determines the relative spacing a of the plates. 
Owing to the provision of these ribs between 
each pair of plates a plurality of parallel ducts 
are formed which each have a width a and 
a height l> and are intended for conveying two 
media which are to be broug^ into heat 
exchanging contacts . Similarly to the ccm- 
struction at the inner wall 18 of the heat 
exchanger the plates arc provided near the 
outer waU 19 with porticos 20*, 21' and 22' 
which throu^. bends terminate in edge por- 
tions 20^i 21' and 22F resrcctively, which are 
located at the outer waU :19 of the heat 
exchanger. 

When these plates> which are arranged 
in die correct -relative posttions, f<^ exanqdcy 
in: an assemiUing p^:..are comibSjCted to each 
other, fox exannde- by» soldering or . welding, 
at the two end feces 24 and 25 of the result- 
ing body (Figure 1), a body, is produced 
which has considecable strengdi and never- 
theless owing to the arrangement of the inter- 
mediate portions of each plate, is flezihle at 
its inner surface so that tins smdEace is capal^e 
of expanding relatively to the outer surface. 

I>ucts 26, 27, 2S, 29 provided between 
the overlapping and <^set end portions of the 
plates and shown in Figures 2 . and 3, can be 
used as supply and discharge ducts fox the 
media to be brought into heat cxdianging 
contact. In order to ensure a highly intimate 
contact between the media pasdhg in counter- 
flow through vAe heat exchanger, these ducts 
, alternately convey different media. Thus in 
the embodiment shown in Figures 2 and 3 the 
dtict 26 at the lower end of the heat exchanger 
win be; fed with hot combustion gases, through 
orifices from the onnbustion chamber. These 
pass througji the heat exchanger from its inner 
wall 18 towards its outer wall 19 into the 
i^amber 28 and then leave the heat exchanger 
through orifices at the upper end through a 
duct 30^ and are discharged throu^ a flue 
30 (Figure 1). ' The combustion air to be 
preheated is admitted at the lower end of 
the heat exchanger^ into the duct 29, flows 
through the l^t exchanger from the cutsde 
to d^e inside and leaves it at its tqjper end 
through die duct 27. Here tlds preheated 
combustion.. air is divided in the above-men- 
tioned air stream I which serves as the primary 
combustion air and in a stream n whidli acts 
as the secondary combustion air. 

For closing the ducts ahernatdhf at the 
upper and lower oids use is made of flat 
metal rings 31 (Figure 1). These rings have 130 
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alternate solid parts and apertures and can 
be secured to the heat exchanger by not 
completely removing the ring portions which 
form ^apertures but bending tongues, formed 
5 by these partially punched out portions, 
through 90° from the plane of the rings and 
introducing the tongues thus formed into 
the upper and lower ends respectively of the 
dvcts 26y 27, 28 and 29 so that the rings 
= 10 are firmly secured: 

JThc pfetes may be formed in shapes 
different from those dwwa in Figures 2 and 
3. As is shown in Figure 4, the intennediate 
poruons 32* and 33*^ of plates 32 and 33 may 
15 eictend substantially similarly to the corre- 
ponding ^arts shown in Figures 2 and 3, but 
the transitions to portions 32* and 33*» and to 
end portions 32* and 33'* are smoother. Alter- 
^ nanvdy the intermediate portions of plates 
20 can be caused to extend mote radially, which 
generally win result into the heat grcbangg^g 
ducts being shortened. 

As is shown in Figure 5 for a heat 
raiangcr having a smaller Img&udinal dimea- 
25 sion, fold lines>34 and 35 may ake^lativei^y 
c<»iverge or diverge so diat at the imcr and 
outer walls ducts 36 and 37 fcnned between 
the bait portions and the edge parts are 
already closed by the relative anangement of 
30 these fold lines. 



WHAT WE CXAIM IS;— 
1. A heat exchanger comjnisiDg an annular 
mam chamber formedvbetwceu substantially 
glindrical inner and outer walls and housing 

35 identK^ dosdy^ced metal plates each 
mending substantially diroughout die length 
of the main chamber having overlapping 
Mt end portions each secured at one end to 
the miier wall and at the other end to the 

40 onto: wall, supply and discharge ducts for 
media extending in the longitudinal dir^on 
of the main chamber being formed between 
the overlapping off-set end portions of the 
plates adjacent the inner wall at one end 

45 or the plates and between the overl^jping 
<*«ct end portions adjacent the outer wall 
at the other end cf the plates, media in further 
ducts formed between portions <rf the plates 

_ intermediate the end portions bemg in heat 

50 ^changing contact with one anodier thioudi 
tte plates, in whidi the furdier ducts arc 
formed by projections cm the plates in the 
form of nhs which extend substantially at 
ri^t angles to the longitadinal direction of 

55 the supply and discharge ducts. 

2. A heat exchanger as claimed in Claim 1, 
in which in a cros&^ection of the heat 
exchanger taken at right angjes to die longi- 
tnchnal direction of the main chamber the 

oO mteimediate i>ortion of each plate extends 
substantially at right angles to radii of the 
inner and outer walL^. 

3. A heat exchanger as claimed in Claim 1 
or Qaim 2, in whidi the intermediate portion 



of each plate is shaped substantially according « 
to an Archimedean spiral. • -^coromg 65 

4. A heat exchanger as claimed in anv of 
the precedmg claims, in which each end face 
of the heat exchanger is provided with at 
least one substantially flat ring which is di^ 70 
posed over onfices leading to or from the 
supply and discharge ducts, alternate orifices 
bemg open and closed by alternate apertures 
or solid parts of the ring respectively 

5. A heat exchanger as dahncd in'any of 75 
the precedmg claims, in vrfiich the metal 
plates comprise sheet material provided witii 
fold hues at the extremities of the inter- 
mediate portion of each idate^ an adioming 
bent i)oraon and/or an adjoining «^ 80 
diver^g or converging so diat the supply 
and discharge ducts provided at the iS4 
and/or outer walls of the heat exchanger are 
alternately closed at cither end face of die 
heat exchanger. 35 

6* A heat esdianger substantially as herein 
described with refereoce to Figure 1 to 3 
Figures 1 and 4, or Figures 1 and S of die 
accompan3ring drawings. 

7. A hot-gas reciprocating engine as herein 90 
defined provided widi a heater and burner, 
Ae heater comprising elements which arc 
disposed withm a substantially cylindrical com- 
bustion chamber and in contact with ignited 
gas which flows past said heateir dements, in 95 
which the heater elements are disposed in a 
circle within the combustion chamber which 
IS in rum surrounded by a heat exchanger " ' V 
as claimed in aiqr of the preceding claims and 
in which comparatively cold combustion air 100* 
IS supplied to the supply ducts of the heat 
exchanger situated adjacent the outer cylm- 
dncal wall at the end of die heat exchanger 
which is furthest from the burner, this air 
leaving the heat exchanger througfh the dis- 105 
charge ducts which are situated adjacent the 
inner cylindrical wall of the heat exchanger 
at the end of the heat exchanger adjac^t the 
burner, while the exhaust gases of i}ie burner 
pa^ over the heater elements through orifices 110 
cut of the combustion chamber and enter 
the heat exchanger throng the suppty duas 
provided at the cod of the heat exchanger 
furthest from the burner adjacent die iimcr 
wall of the heat eiDchanger and leave the heat 115 
CKhanger through discharge ducts dispc^ed 
adjactttt the outer wall of toe heat exchanger 
through (ttifices in the end face nearer the 
burner. 

8^^hot-gas reciprocating engine as claimed 120 
m Oaun 7, in which one aid fece of the 
heat exchanger is sum>orted 1^ a ring of 
refractory material whOe itis other end fece 
^pports a^ dome-shaped body which substan- 
tially consists of refractory material and acts 125 . 
as a support for die arrangement supplying 
fuel to the combustion chamber. 

9. A hot-gas reciprocating eii^e as claimed 
in Claim 7, substantially as faereia described 
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with reference to Figure 1 of the accoDa|)any- ' T. D. THREADGOLD, 
ine drawings. Chartered Patent Agent, 

Century House, Shaftesbury Avenue, 
London, W.C^ 
Agent for the Applicants. 
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